Portal and superior mesenteric vein thrombosis are uncommon outcomes post-splenectomy. We reported the case of a patient with hereditary spherocytosis who evolved after splenectomy with extensive thrombosis of these veins and was treated with systemic anticoagulation and endovascular thrombolysis, a promising alternative.
Introduction
Portal and superior mesenteric vein thrombosis are serious complications [1, 2] . The estimated incidence varies from 1.6% to 11% [3] and these values may be underestimated once many cases are asymptomatic and when symptoms exist they are nonspecific [4] . Clinical presentation may vary from mesenteric ischemia with necrosis to abdominal pain, nausea, vomiting, anorexia, fever, diarrhea and blood in stool. These symptoms are much more severe when superior mesenteric vein (SMV) is involved than only portal vein (PV) [2, [5] [6] [7] .
Hereditary spherocytosis (HS) is a congenital hemolytic anemia with an incidence of about one in 2,000 -5,000 people [8] . Splenectomy is recommended in some cases for symptoms control. However, it is known that spleen removal favors not only the classic susceptibility to encapsulated bacteria infections, but also increases long-term risk of arterial and venous thrombotic events [8] [9] [10] [11] [12] .
There is still no consensus on the best approach to PV-SMV thrombosis after splenectomy. Perioperative prophylaxis with anticoagulation/antiplatelet therapy and treatment are controversial areas [7, [13] [14] [15] . However, at one point all agree: therapy should be instituted as soon as possible to avoid fatal complications [7, 16] . Systemic anticoagulation and thrombolytic therapy have low efficacy in extensive thrombosis of these sites [2] . Surgical treatment is indicated for those that evolve with intestinal necrosis. Recently, endovascular interventional techniques have been recognized as promising alternatives for PV-SMV treatment with good results so far [17, 18] .
We will describe the case of a patient with HS who evolved in the post-operative of a splenectomy with extensive PV-SMV thrombosis and was treated with systemic anticoagulation and endovascular thrombolysis via superior mesenteric artery. This case report aims to review the main ways of clinical and interventional treatment for extensive portal-mesenteric thrombosis.
Case Report
A 20-year-old woman diagnosed with HS underwent splenectomy through open surgery with no complications and was discharged on the fourth day after procedure without having received anticoagulant therapy perioperatively. Prior to splenectomy, splenic index was 1,580 (normal: up to /L platelets on the 21st day). Intense abdominal pain in right upper quadrant associated with nausea, vomiting and diarrhea was referred in the 9th day. In abdominal ultrasonography it was observed an increased PV diameter (1.5 cm) with echogenic material inside and no flow at color and spectral Doppler, compatible with PV thrombosis.
Promptly, low molecular weight heparin (enoxaparin 60 mg each 12 hours), warfarin and analgesia were introduced. Diagnostic approach continued with a computed tomography (CT) angiography that demonstrated extensive SMV, splenic vein, PV and intrahepatic left branch thrombosis ( Fig. 1, 2 ). Given the extensive thrombosis and considering that SMV was involved, medical team decided to carry out intra-arterial thrombolysis. The procedure was performed through the femoral artery followed by mesenteric arteriography which demonstrated slowed venous phase with no opacification of SMV and PV. Periportal collateral circulation was exuberant (Fig. 3) . A alteplase bollus with 10mg intra-arterial was done followed by maintenance infusion rate of 1 mg/h. Concomitantly, systemic continuous infusion with unfractionated heparin was started in order to maintain APTT between 2.0 and 2.5 times control. Twenty four hours after the beginning of thrombolysis, CT angiography was performed and it still showed extensive mesenteric and splenic veins thrombosis surrounded by a large amount of collateral veins with only partial recanalization of intrahepatic branches (Fig. 4) . As- sistant team decided to keep the infusion catheter but in a rate of 2 mg/h. After 24 hours, another CT angiography was done and no significant change was observed. At that moment, thrombolytic infusion was discontinued due to potential cumulative risk of bleeding and progressive clinical improvement. There were no complications during procedure and the patient remained asymptomatic. Before discharge, an upper digestive endoscopy was performed and there were no evidence of esophageal varices or hypertensive gastropathy. Patient was discharged taking warfarin for outpatient hematology follow up.
Discussion
PV-SMV thrombosis usually presents with nonspecific symptoms such as abdominal pain, nausea, vomiting, anorexia, fever, diarrhea and blood in stool, which makes diagnosis difficult in many cases. However, it can also lead to severe complications with high mortality (5% to 37%) such as intestinal ischemia, necrosis, perforation, peritonitis and, lately, variceal bleeding due to portal hypertension [2, [5] [6] [7] . Onset of symptoms is variable in series of cases and may appear 2 -42 days after surgery [4, 19, 20] . In this case, abdominal pain, nausea, vomiting and diarrhea appeared nine days after surgical procedure.
Contributing factors for thrombosis after splenectomy are the underlying disease, spleen size, postoperative thrombocytosis and a hypercoagulable state provided by the organ removal [21] . Splenomegaly is accompanied by an increased splenic vein diameter and, consequently, when spleen is removed, blood flow slows down in this vessel, which contributes to thrombus formation [19] . It is also believed that splenectomy favors a hyperviscosity state due to thrombocytosis and postoperative leukocytosis since there is no splenic lysis of these cells [22] . Moreover, it is observed a stiffness in red blood cells due to Howell-Jolly corpuscles which also contributes to enhanced plasma viscosity favoring thrombosis [23] .
The direct association of thrombocytosis after splenectomy and PV-SMV thrombosis is still not very clear but platelets raise should be considered an important risk factor [21] . In a large study with 147 patients who underwent splenectomy there was a direct association between platelet count above 0.65 × 10 12 /L and development of portal system thrombosis. Because of this, authors recommended administration of antiplatelet agents after splenectomy to all patients presenting severe thrombocytosis [13] .
Despite all these risk factors, anticoagulant prophylaxis for thrombosis after splenectomy is still a controversial point. European Association for Endoscopic Surgery recommends prophylactic anticoagulation with subcutaneous heparin during perioperative period for all patients who underwent splenectomy and it should be maintained for four weeks in those at high risk of thrombosis [24] . High risk patients are those who present hypercoagulopathy, hemolytic anemia, hypersplenism, hematologic malignancy and splenomegaly [25] .
Splenectomy is indicated in some cases of HS for symptoms control but it is already known that spleen removal can cause a lot of complications [8] [9] [10] [11] [12] . Not only thrombocytosis but the raising in hematocrit and decreasing in bilirubin levels are implicated in increased risk of thrombosis post-splenectomy in those with hemolytic anemia [26] . The Framingham study demonstrated that patients with high hematocrit levels have two-fold increased risk of stroke compared to those with low values [27] . Several studies have shown that mild to moderate elevation in bilirubin levels are associated with lower risk of atherosclerosis due to a possible antioxidant property [28] [29] [30] . Thrombocytosis post-splenectomy tends to be transient. However, patients with HS usually persist with high platelet levels for long periods increasing risk of thrombosis [8] . Thus, in those with mild to moderate anemia the benefit of splenectomy should be carefully analyzed because of substantial risk of vascular events [8] .
Our patient had not only hemolytic anemia, but also splenomegaly, postoperative thrombocytosis reaching more than 1 × 10 12 /L and no anticoagulant prophylaxis was prescribed. All of this possibly contributed to the extent of thrombosis in the case.
There is no guideline for treatment of PV-SMV thrombosis post splenectomy. However, all agree that therapy should be instituted as soon as possible to avoid fatal complications [7, 16] . Traditionally, it is described the clinical treatment with systemic anticoagulation or thrombolysis and the surgical approach. Surgical intervention should be done in cases of tissue injury: ischemia and/or intestinal necrosis [13] . Some studies have shown that early oral anticoagulation promotes recanalization in approximately 35% of cases [31, 32] . However, anticoagulation success is much less likely when there is extensive thrombosis once it is a therapy of low effectiveness [2, 33] .
Recently, endovascular interventional techniques have been recognized as promising alternatives for PV-SMV thrombosis treatment with good results so far [17, 18] . There are two types of interventions: thrombolytic infusion in situ and mechanical thrombectomy [34] . Thrombolytic therapy can be administered directly into the portal vein via transjugular intrahepatic [35] [36] [37] or percutaneous transhepatic pathways [38] [39] [40] or indirectly via superior mesenteric artery by femoral or radial artery catheterization [41] [42] [43] . Better results were demonstrated with direct techniques [44] . The direct infusion into the PV-SMV greatly increases thrombolytic effect, reduces the required drug dose and, thereby, diminishes bleeding risk [44] . Indirect thrombolysis is technically simpler and enables thrombolytic to be infused in small mesenteric venous branches [42, 43] . However, it does not enable direct contact of the agent and thrombus requiring a longer infusion period and, therefore, increasing risk of bleeding complications [35] . Combination of mechanical thrombectomy with direct thrombolysis proved to be more effective compared with only directly or indirectly thrombolytic therapy [35, 45, 46] .
In this case we proceeded indirect thrombolysis via superior mesenteric artery aiming to enable thrombolytic agent to spread through the small mesenteric venous branches all occluded by thrombi. Despite the increased risk of bleeding described with this technique [35] , there was no bleeding complication. Alteplase was used for thrombolysis and unfractionated systemic heparin was introduced concomitantly because fibrinolysis provides a pro-thrombotic state increasing risk of new thrombus formation and propagation of the already established ones [44] .
There was no immediate recanalization of PV-SMV despite early onset of systemic anticoagulation and subsequent endovascular thrombolytic therapy. Several factors may have contributed to this outcome but perhaps the most important one was the fact that thrombolytic therapy was introduced only 10 days after symptoms onset. When alteplase was initiated the patient was already less symptomatic, probably due to collateral veins formation. Possibly, recanalization would have been reached with an earlier introduction of endovascular therapy. In a case series of six patients diagnosed with extensive post-splenectomy PV-SMV thrombosis, systemic anticoagulation was initiated promptly and after an average of 3.5 days in situ thrombolysis was introduced due to persistent symptoms. Four of these patients had complete recanalization and residual thrombosis was observed in only 20% [34] .
Direct techniques of thrombolysis proved to be more effective than indirect ones [44] and association of thrombolytic with mechanical thrombectomy showed a higher success rate than the use of intravascular medication only [35, 45, 46] . Thus, a satisfactory result could have been achieved if a direct technique associated with thrombectomy had been done. The infusion of alteplase was kept for two days and there are reports of up to 13 days of infusion without complications and with successful results [44] .
Although recanalization did not occur immediately in this case, it is known that it could happens within four to six months of systemic anticoagulation.
There are still many controversial points about deep venous thrombosis not localized in the lower limbs. No consensus exists on prevention and treatment of thrombosis after splenectomy. However, as illustrated by this report, it seems reasonable to prescribe prophylaxis in these cases. Randomized controlled studies are desirable in order to help elucidating the best therapeutic option for this patient profile.
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